Preserving long-term access to digital information resources is one of the key challenges facing libraries and information centers today. The University of North Texas (UNT) Libraries has entered into partnership agreements with federal and state agencies to ensure permanent storage and public access to a variety of government information sources. As digital resource preservation encompasses a wide variety of interrelated activities, the UNT Libraries are taking a phased approach to ensure the long-term access to its digital resources. Formulation of preservation policy and creation of preservation metadata for electronic files and digital collections are among the most important steps. This paper discusses the issues related to digital resources preservation and demonstrates the role of preservation metadata in facilitating the preservation activities in general. In particular, it describes the efforts being made by the UNT libraries to ensure the long-term access and preservation of various digital information resources.
Introduction
It is now common knowledge that digital information is fragile in ways that differ from traditional technologies, such as paper or microfilm. The fact that information is increasingly stored in digital form, has led to an accelerated search for effective methods of managing electronic information resources. The huge and ever expanding multiple sources of information on the Web normally contain special formatting and are produced with a variety of software in different versions. If the original digital resource is not "born digital", it may be a digital representation or digital surrogate of the physical medium, e.g. a page of text, an object, a painting, a photograph, a sculpture, a song, a movie, etc.
The persistence of digital information resources is an important factor for any digital library development. Addressing the preservation and long-term access issues for digital resources is one of the key challenges facing libraries and information centers today. In order to make sense of the high heterogeneity that exists among digital resources, a growing body of research has attempted to deal with the problems associated with the volume and nature of information on the Web and to look into ways to achieve consensus on a standard.
Metadata for Digital Resources Management
Metadata is a set of attributes used to describe an object. In reviewing the library and information science literature of the past few years, there is no shortage of views of the significant role of metadata in meeting the most pressing needs and challenges of digital resource management. A number of researchers (Moen, 2001; Waibel, 2001; Besser, 2000; Sutton, 1999; Zeng, 1999; among others) , agreed that the underlying principle for metadata is to link and integrate heterogeneous, multi-platform, massive digital information collections that are contributed by different institutions into a single unified resource so these digital repositories are accessible by anyone, from anyplace, at anytime.
A number of metadata initiatives provide detailed and descriptive information about a digital resource to facilitate discovery by users. Resource description is essentially about describing information resources using a standard framework or set of principles. But because of the specific nature of heterogeneous digital resources, describing digital resources in a consistence fashion may not be an easy task, and in some cases, it is a complex process. Those concerned with digital information management all regard metadata as an essential component of the evolving networked information environment, but each of these communities view metadata with notably different perspectives.
Current Metadata Initiatives
Metadata standards come from various professional community efforts to support many needs in the digital environment. The literature reveals that different communities view metadata in significantly different contexts. The recent (2001) report from Research Libraries Group (RLG), comprised of key stakeholders from a variety of institutions, affirmed the fact that no single metadata standard can be expected to accommodate the needs of all communities. Although some projects, such as Dublin Core (DC) have tried to develop a coherent set of metadata schemes that can work for wide range of communities, they have not yet provided a complete description or solution for all types of digital information resources.
There is a great diversity of perspectives on various aspects of metadata issues. For instance, librarians have used machine-readable cataloguing (MARC) since the 1960's to identify, describe and provide access to their collections. However, what worked well for libraries may not work in other environments. Similarly, the basic metadata required for describing an image or work of art or non-text objects will bear a strong resemblance to the metadata that describes traditional print documents. However, some significantly different extra elements will be required for a complete description of non-text images and multi-media resources. In light of this, some formats of metadata have been developed specifically for use in certain fields of study or type of information source.
Different communities have developed their own organizational and descriptive standards for accessing, arranging, and administering their specific digital collections, such as: the Medical Record Metadata for health professionals, Government Information Locator Service (GILS) metadata for describing government information resources, Visual Resources Association (VRA) Core Categories for describing visual information resources, and many more.
A number of commentators (e.g. Moen, 2001; Besser, 2000; and, Sutton, 1999) are optimistic that the core element set will be as minimal as possible. Thus, the core element set meanings will be easy to understand by most users and the element set will be flexible enough for description of diversified resources in a wide range of subject areas. Of course, the various previous efforts provide ways of describing digital resources to facilitate interoperability among resource discovery tools. Further developments in Resource Description Framework (RDF), Extensible Markup Language (XML), and Z39.50 may also provide means for integrating diverse metadata-based resources. For instance, the most recent work at the Library of Congress (LC) -Metadata Encoding and Transmission Standard (METS) schemaprovides a flexible mechanism for encoding descriptive, administrative, and structural metadata for a digital library object, and for expressing the complex links between these various forms of metadata.
As indicated by Mullen (2001) , most metadata initiatives have focused on resource discovery and to make it easier for people to find all of the information they need. Although such standards and structures are the most important steps in the development of the Web to avoid a chaotic repository of information, they do not guarantee continual long-term access to digital resources.
Preservation Metadata
For years, information centers preserved important electronic resources by transferring the files at regular intervals to the latest new information carriers available. As described by Besser (2001) , refreshing a file involves periodically moving a file from one physical storage medium to another to avoid the physical decay or the obsolescence of that medium. Similarly, refreshing of files involves periodically moving files from one file encoding format to another that is usable in the current computing environment. But with multi-media digital resources (unlike in print) restoring in digital format may not be possible without the original software or hardware.
Preserving digital resources is made difficult by the fact that digital resources can only be read by software. This would mean that in order to ensure long-term access to digital resources, we need to preserve all the software, hardware, and operating systems on which the software ran. However, with the current quick obsolescence of information technologies, such an approach may not be feasible. Furthermore, inadequate media longevity is one of the issues. For instance, optical disks are expected to have a physical lifetime of up to 30 years but even a life expectancy of 30 years for storage media far exceeds the lifespan of hardware and software. Considering the ever-growing global Internet traffic, another problem is the mass of data and the need to compress it for efficient storage and transmission. However, compression sometime causes loss of data. It is also likely that repeated transfers over years from one carrier to another may cause data loss. This raises a number of issues including copyright, authenticity, and reliability.
Evidently, sustainable solutions to preserve digital resources are not yet available and are still being tested by various communities. Unlike the traditional notion of 'preservation,' (which refers to conservation and permanent preservation of the material or its information content), the ideal digital preservation activities would ensure that digital resources in all formats would be accessible as long as necessary. As described by Chapman (2001) , if the objectives of digital preservation strategies were to preserve the artifact only, regardless of usability, longevity would be measured according to the lifespan of an object stored in a given environment. A number of researchers defined digital preservation in a variety of ways and present their views on how digital preservation might be achieved. According to RLG/OCLC's more specific definition, "Digital preservation refers to the series of managed activities necessary to ensure continued access to and preservation of digital materials."
It is clear that digital preservation is a critical issue, calling for measures that go beyond permanent archiving and all stakeholders agree that digital resource preservation encompasses a wide variety of interrelated activities. According to the RLG report, the problem of preserving digital sources is compounded by the fact that most of the sources do not have proper descriptions. Similarly, Besser (2001) 11/13/2006 3:28 PM stated that such multi-format resources created by differing software require detail descriptions of the technical environment needed to view the digital resources.
Despite the fact that most metadata research gives more emphasis on resource discovery, a small breakthrough has been achieved in the last couple of years for preservation issues. A growing number of efforts to perfect the digital preservation methods by various organizations and agencies include: Reference Model for an Open Archival Information System (OAIS), CEDARS (CURL, Consortium of University Research Libraries, Exemplars in Digital Archives-UK), National Library of Australia (NLA), and RLG/OCLC (Research Library Group) to name but a few. These high-level preservation metadata initiatives provide much needed information required to manage the long-term preservation of digital resources.
As indicated by Besser (2000) , preservation metadata is a strategy to provide sufficient technical information about the resources and to support the two primary strategies for preservation of digital resources, migration (transfer of digital resources from one generation to a subsequent generation) and emulation (developing techniques for imitating obsolete systems on future generations of computer.) Besser asserts that properly used metadata facilitate the long-term access of the digital resources by explaining the technical environment needed to view the work, including applications and version numbers needed, decompression schemes, other files that need to be linked to it, among others.
Digital Initiatives at UNT Libraries
During the past few years, the University of North Texas (UNT) Libraries, Government Documents Department made efforts to preserve various federal and state government information resources by forming partnerships with state and federal agencies. The various digital projects and undertakings in Government Documents Department include the Cybercemetery, the Nineteenth Century Texas Law Online, and the Texas Register project. 
Access, Use, and Preservation
In complying with the fundamental principle of free public access to government information resources, the goal of the UNT Government Documents Department's digital projects and initiatives is to make government information resources accessible for exploration and search by anyone, from anyplace, at anytime. 11/13/2006 3:28 PM Gammel's Laws, GovInfo, GPO, NPR, OTA, Texas Register) . For instance, Texas Register is one of the UNT libraries popular electronic resources that became available online in 2001. Since then, the user base has grown dramatically, with the current number of hits more than sixteen times the hits in the early months. Usage grew from just over 30,000 (in January, 2001) to over 530,000 (in April 2002) . Each digital information collection attracted a lot of users from all over the world. As the Libraries' digital collections grew, the need to address the issue of preserving long-term access to these resources became evident.
In light of this, the UNT Libraries are taking a phased approach to prolonging the usable life of the libraries' digital resources. Formulation of preservation policy and creation of preservation metadata for electronic files and digital collections are among the most important steps in UNT Libraries' preservation initiatives. In view of that, the Digitization Workgroup was charged to recommend a plan that will ensure long-term future access to the UNT Libraries' electronic information resources. The Workgroup is reviewing the different types of the UNT Libraries electronic resources. These include:
State records; The online library catalog system; Personal and shared directories; The Libraries' Web site; and, The Libraries' digital collections.
Preservation Metadata Requirement Analysis
Metadata is a key factor for ensuring the long-term access of digital resources. There is a continuous need for extending the existing metadata element set to be able to describe all available digital resources. During the past two years, the UNT libraries reviewed several metadata initiatives to build an element set appropriate for its digital collections while monitoring the RLG/OCLC efforts toward building a standard metadata element set.
In addressing the issues of identifying specific metadata requirements, UNT Libraries attempted to assess the specific characteristics of the existing digital resources. In the preliminary needs assessment, the following issues, among others, were considered: 
Life Cycle Assessment of the Digital Resources
As indicated by the National Library of Australia (NLA) report (1999) , to manage digital collections or individual items one needs to have a clear understanding of one's digital collection. Documentation has always played a key role in preservation practice and there are many instances where documentation provided the only information about processes and changes that had been applied and might need to be corrected.
In this regard, all available digital resources creation manuals, guidelines, and reports at the Government Documents Department were reviewed and modified accordingly. Sample documents, (Texas Register digital collection creation processes report and ACIR procedure manual) can be viewed at http://texinfo.library.unt.edu/texasregister/text/report/TX-Reg-Report-2002.doc and http://www.library.unt.edu/gpo/ACIR/document/ACIR-procedure.doc, respectively. Those documents provide detailed information about the creation history and complete life cycle of the digital resources. The preliminary resource assessment and evaluations assisted us in identifying the specific characteristics and requirements of the available digital resources.
Based on the thorough assessment of the available digital resources, attempts have been made to review current best practices and standards to represent a range of relevant fields. The review pays particular attention to the preservation and management metadata sets, which are needed to support various preservation approaches including migration and emulation.
The work at NLA developed a practical model for dealing with the immediate threat of disappearing digital objects, and established a workable distributed archive. Similarly, a number of projects and researches -such as OAIS (Open Archival Information System), CEDARS (CURL Exemplars in Digital Archives), NEDLIB (Networked European Deposit Library), and others -have investigated options for dealing with long-term preservation challenges.
Based on the preliminary survey of the existing digital collection and a detailed review of current best practices, we chose to base our recommendation of preservation metadata on a synthesis of various preservation metadata until the OCLC/RLG (2001) completes a national standard.
The Draft Metadata Architecture
The extensive literature review revealed that effective metadata is our best way of minimizing the risk of digital resources becoming inaccessible. Metadata, to be most valuable, both for the users and owners, needs to be consistently maintained throughout the process. Creating documentation that governs and informs the metadata creation steps and procedures in a consistent and uniform manner is among the most important steps in metadata creation. The detailed workflow and user guide document provides procedural information required to create metadata with examples for different file formats. Since the metadata assigned to an item entirely depends on the metadata creators' definition of the work, the detailed user guide also provides rules, syntax and descriptive information to identify the source of information for each element.
The following chart (Figure 3) illustrates the basic structure of the UNT Libraries draft preservation metadata contents. A detailed description of the recommended preservation metadata elements can be found in Appendix II of this paper. The following table (Table 1 ) describes the subheadings of each metadata elements. As can be seen from the sample element description in Table 2 below, each of the identified metadata elements are described under separate subheadings. For a complete list of recommended elements, see also Appendix II. 
Metadata Creation Workflow
Most preservation metadata project managers acknowledged that the best practice is to create the metadata at the information creation stage. Hodge (2000) recognized that creation is where long-term archiving and preservation must start. The metadata routinely collected at the point of creation would be relatively easy, consistent, reliable, and automatic. Of course, the preservation and archiving process is made more efficient when the creators provide an indication of the long-term value attached to the information resources. More importantly, attention would be paid to issues of consistency in the process of metadata creation in the very beginning of the information life cycle.
Much of the preservation metadata continues to be created "by hand" and after-the-fact. This problem is coupled with the fact that metadata creation is not sufficiently incorporated into the tools for the creation of elements' record to rely solely on the creation process.
As standards groups and vendors move to incorporate XML and RDF architectures in their word processing and database products, the creation of metadata as part of the origination of the object will be easier.
The following diagram illustrates the logical steps in creating metadata tags for digital resources in general. As can be seen in Figure 4 , metadata can be incorporated into the digital resources (step 3-1), and/or can be stored in repositories separate from the resources it describes (step 3-2). When the metadata have been saved in their appropriate location, the process of metadata creation is considered to be complete. 
Metadata Creation and Editing Tool
There are various metadata creation tools and wizards available. For the purpose of testing and demonstrating our prototype, we selected the NoteTab Light program (http://www.notetab.com). This freeware version of NoteTab metadata creation tool allows us to add and modify metadata elements and also copy metadata values either to be embedded in resources or to maintain in a different repository. This tool reduces the need for editors and data enterers to learn the syntax of the metadata.
Issues and Challenges
We are just at the beginning stages. We plan to develop a prototype for experiments and demonstrate the feasibility of preservation metadata at the UNT Libraries. Our initial prototype testing will be limited to the Government Documents' digital resources. The files and Web pages will be modified to include the recommended metadata elements.
Technical Issues
During the life cycle of digital resources, there are a series of processes that require various sets of hardware and software infrastructures. Similarly, as described in the metadata creation workflow, there is a series of managed activities that determine the appropriate hardware and software technologies to be used at each step of the preservation metadata creation process. These include:
identifying the appropriate metadata creation tool, appropriate means for creating a metadata repository database, appropriate indexing and harvesting software and search engines to use, designing several interfaces for field searches and related considerations.
Lessons Learned
A pretest activity will allow us to determine the resources required to implement a comprehensive preservation metadata project. Due to issues of cost, compliance, and heterogeneousness, we found the fewer elements that are required the better (provided that such minimum mandatory metadata elements would not have any consequences on the preservation activities). In addition, the quality control analysis involves various levels of assessment, including examining the metadata records for consistency, reliability, adequacy, etc. We plan to work on a detailed analysis of the costs and benefits for the recommended metadata elements, including the amount of time, and the level of skills required to create and manage a successful preservation metadata system. We have created a set of questions that provide scenarios about the issues and challenges of implementing the recommended preservation metadata system. These include:
Is the preservation metadata system easy to use? Does the User Guide include a clear set of rules? Is it feasible to develop controlled vocabulary lists from the many files on the libraries' server to represent content and do so adequately?
Is it feasible to consider creating the default values in the metadata creation tool for some of the mandatory fields? Is the preservation metadata system supported by the existing UNT Libraries' search engine topology? (Adaptability of existing schema?) Is the preservation metadata interoperable with current and future international standards? (Semantic, structural, and syntactical mapping issues?)
Conclusion
Like many others, UNT Libraries realize that being digital does not mean being accessible. Access to digital resources through descriptive metadata is only short-term. Preservation metadata plays a significant role in facilitating preservation decisions, detects preservation threats and provides measures for minimizing risks to long-term access. We anticipate that the management, storage and serving of large datasets will be greatly improved by the use of preservation metadata management tools.
Finally, we will evaluate and assess the practical application of the whole process of metadata creation workflow and user guide documents. We expect a tremendous amount of discussion from all stakeholders regarding the types of metadata elements most useful to a specific requirement. Based on the feedback and input from the field, the preliminary versions will be reviewed and modified. Of course, the real test will be in the efficiency of our first migration.
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